In this paper, we present a new method for ranking generalized fuzzy numbers for dealing with fuzzy risk analysis problems. The proposed method considers the defuzzified values, the heights and the spreads of generalized fuzzy numbers, simultaneously, for ranking generalized fuzzy numbers. It gets better ranking results to rank generalized fuzzy numbers than the existing methods. We also apply the proposed method to deal with fuzzy risk analysis problems. The proposed method provides a useful way for handling fuzzy risk analysis problems.
Introduction
To deal with fuzzy risk analysis problems, experts generally use fuzzy numbers to represent the evaluating value of the risk of each subcomponent made by each manufactory. In order to properly evaluate the risk of components made by manufactories, many methods have been presented for ranking fuzzy numbers [1] - [4] , [7] - [15] . Although many methods for ranking fuzzy numbers have been presented, in [3] and [10] , Chen et al. pointed out that there are still some drawbacks for the existing methods.
In this paper, in order to overcome the drawbacks of the existing methods, we propose a new method for ranking generalized fuzzy numbers. The proposed method considers the defuzzified values, the heights and the spreads of generalized fuzzy numbers, simultaneously, to rank generalized fuzzy numbers.
The experts can set the degree of importance α of the spreads of the fuzzy numbers for ranking fuzzy numbers, where α = {0.5, 1.5}. If the experts consider that the spread is more importance, then they can set the value of α = 1.5. Otherwise, they can set the value of α = 0.5. The proposed method gets better ranking results to rank generalized fuzzy numbers than the existing methods. We also apply the proposed method to deal with fuzzy risk analysis problems. The proposed method provides a useful way for handling fuzzy risk analysis problems.
A New Method for Ranking Generalized Fuzzy Numbers
In 1985, Chen [2] proposed the concept of generalized fuzzy numbers. Let Ã be a generalized trapezoidal fuzzy number, ~A , as shown in Fig. 1 (2) where k denotes the maximum value of the universe of discourse and 1≤ i ≤ n.
Step 
where 1≤ i ≤ n.
Step 3: Calculate the spread of each standardized generalized fuzzy number Step 4: Calculate the of each standardized generalized fuzzy number ) (
A , shown as follows:
where α is a parameter for adjusting the degree of importance of the spreads of the generalized fuzzy numbers and α ∈ {0.5, 1.5}. If the experts consider that the spread is a more important factor, then they can set the value of α = 1.5. Otherwise, they can set the value of α = 0.5. The larger the value of ) ( * i A Score , the better the ranking of
In the following, we use an example to illustrate the ranking process of the proposed method. Assume that there are two generalized fuzzy numbers and
as shown in Fig.  2(a) . Because the maximum value of the universe of discourse X is 5 , based on Eq. (2), the generalized fuzzy numbers of and Fig. 2(b) 
Because , we can see that the ranking order between the fuzzy numbers and
From this example, we can see that the larger the center of gravity, or the larger the heights, or the smaller the spreads of a fuzzy number, the higher the value of the ranking score of the fuzzy number. 
Handling Fuzzy Risk Analysis Problems Based on the Proposed Fuzzy Ranking Method
In The proposed fuzzy risk analysis algorithm is now presented as follows:
Step Step 2: Standardize each generalized fuzzy number R i into * i R by Eq. (2), where 1≤ i ≤ n.
Step 3: Calculate the defuzzified value Step 4: Calculate the spreads In the following, we use an example shown in [9] to illustrate the fuzzy risk analysis process of the proposed method. Assume that there are three manufactories C 1 , C 2 and C 3 and assume that the components A 1 , A 2 and A 3 are the same product manufactured by different manufactories, where component A i is made by manufactory C i consisting of three sub-components A i1 , A i2 and A i3 , where 1 ≤ i ≤ 3.
Assume that there are two evaluating items, i.e., the probability of failure R ik and the severity of loss W ik , where R ik and W ik are generalized fuzzy numbers, 1 ≤ i ≤ 3, and 1 ≤ k ≤ 3. Evaluate each sub-component A ik to derive the probability of failure R i of component A i made by manufactory C i , where R ik denotes the probability of failure of the sub-component A ik , W ik denotes the severity of loss of the sub-component A ik , 1 ≤ i ≤ 3 and 1 ≤ k ≤ 3. We use a 9-number linguistic term set shown in Table 1 [16] to represent the linguistic terms and their corresponding generalized fuzzy numbers, where the linguistic terms shown in Table 1 are used to represent the linguistic values of the evaluating items R ik and W ik of the sub-components A i1 , A i2 and A i3 made by each manufactory C i , where 1 ≤ i ≤ 3, as shown in Table 2 [5]. 
In the same way, the probability of failure R 2 of the component A 2 made by the manufactory C 2 and the probability of failure R 3 of the component A 3 made by the manufactory C 3 can be calculated by Eq. (9), respectively, where 
